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Introduction
Elderly individuals often complain about their memory and are concerned that this perceived memory loss might lead to degenerative disorders such as Alzheimer's Disease [1, 2] . A decline in memory functioning in old age might explain in part subjective memory complaints [3] [4] [5] . However, this explanation is not adequate because complaints of memory loss are not always associated with an actual decline in objective memory function [6] [7] [8] [9] [10] . Research shows that memory complaints are determined by several other factors besides objective memory performance [11, 12] . The knowledge, beliefs, and perceptions people have about their own memory functioning and the memory system in general, termed 'metamemory', are considered an important factor [2, [13] [14] [15] . Metamemory covers several dimensions that are relevant to everyday memory functioning. One of these dimensions, 'Memory Self-Efficacy' (MSE), can be defined as the level of confidence a person has in the effectiveness of his or her own memory in different situations [16] . MSE is considered an important moderator of changes in memory functioning and can effect memory performance through cognitive, affective, and motivational processes [17, 18] . For example, low expectations of successful memory functioning could lower motivation to achieve a good performance or could even cause avoidance of situations that call on memory. This negative influence could lead to a poorer memory performance and in turn reinforces the negative memory beliefs elderly have [19] .
We designed a training program to improve objective memory and MSE. This program emphasizes how MSE works in relation to everyday memory performance. Participants are asked to actively register memory failures and successes in a dairy, to help them to gain insight into their memory functioning and to analyze their everyday memory problems. In addition, memory skills are trained by teaching the participants internal (repeating, visualization, making associations) and external (habits, agenda, people around you) memory strategies. Another important aspect of this training program is education on how the memory works in old age. Educating elderly people on how memory works and about the difference between normal and pathological aging are indispensable aspects of memory training. Other important aspects essential to optimal memory functioning, such as time, attention, concentration, good vision, and hearing are also discussed in depth [20] .
To our knowledge, there have been few studies evaluating intervention programs focused on influencing and adjusting maladaptive beliefs about memory performance, combined with memory skills training [21] . Furthermore, most studies evaluated group-training programs. Group sessions are known to have a comforting and motivating effect because people can share problems with a relevant peer group [22] . However, self-taught memory-training programs are also an effective form of memory intervention [23] [24] [25] , and are advantageous in that a large group of subjects can be reached in a fairly inexpensive way. Moreover, self-taught memory-training programs have some practical advantages, such as the fact that participants do not have to go to the training at fixed times and have the opportunity to study at their own speed. Therefore, we offered the intervention as a collective training program and as an individual self-taught training program, based on a handbook about memory functioning in daily life, and which contained the essentials of the collective training intervention.
The aim of the present study was to examine the effectiveness of these two forms of our memory-training program in comparison with control, in improving memory performance in a large group of community-dwelling older individuals.
Methods

Participants
All participants were older people recruited through media advertisements asking for people with subjective memory complaints to participate in a study. Participants were included in the study if they were 55 years or older, had a good comprehension of the Dutch language, were mobile enough to travel independently to the research center, were not using psychotropic medication on a daily basis, and had not previously participated in a neuropsychological research program. Exclusion criteria were a score below 24 on the Mini-Mental State Examination (MMSE) [26] , a diagnosis of central nervous system pathology, or a major psychiatric disorder.
The Medical Ethics Committee of the University Hospital Maastricht approved the protocol and all participants gave informed consent.
Intervention
Collective training
The memory-training program was developed by Ponds and Bouwens [27] and taught by experienced teachers of the service center of the home care organization Groene Kruis Heuvelland in Maastricht, The Netherlands. The program was developed to increase knowledge of normal memory functioning and normal memory decline with aging, and to promote insight into one's memory functioning. The maximum number of participants per group was 12, to ensure that the training group could function optimally, and for logistic reasons. The training was administered in eight 2-h sessions, one session a week. Each session was structured: homework and last week's theme were discussed first and then the new theme or topic was introduced. All themes were illustrated with practical assignments. The themes involved were: shortand long-term memory, storage and retrieval of information, age-related decline in memory functioning, differences between normal memory functioning and dementia, memory self-efficacy, the relation between memory functioning and physical and psychological health, and internal and external memory strategies. All topics were discussed briefly in the last session. All participants received a reader.
Individual training
The Dutch book 'Geheugensteun' ('Memory Support') [28] covers the same content in the same order as the above described memory-training program. All themes discussed in the collective memory-training sessions are also extensively described in the book. The memory-training book differed from the collective training program in that there were fewer practical assignments and homework and subjects had to study on their own. To facilitate and motivate this self-study, all subjects were given a study schedule, and after 4 weeks they were telephoned to ask them if they were on schedule with their reading and if they had any questions about the book.
Measures
The outcome variables were obtained from a test battery that included subjective and objective memory tests to measure memory functioning before and immediately after the intervention and 4 months later. All measures were administered by trained assistants who were not involved in the memory training.
Objective memory tests
The Visual Verbal Learning Test (VVLT) [29] is a verbal memory task to measure the ability to learn new verbal information and retrieve information from memory. Fifteen low-associative words are presented to the subject five times. After each presentation the subject is asked to recall as many words as possible, with no restriction concerning the order of recall (immediate recall). The maximum score that can be obtained after five successive trails is 75. Twenty minutes after the last presentation the subject is again requested to recall as many correct words as possible (delayed recall). Parallel versions of the memory task were used for each assessment.
The short-story test [30, 31 ] is a Dutch memory task to measure storage of logical information. Participants are handed out a page of carefully constructed prose. After reading the story out aloud, the subjects are given 3 min to study the story, and then they are asked to tell as much as possible about the story in their own words (immediate recall) and again 15 min later (delayed recall). The maximum score is 38. Parallel versions of the story were used for each assessment.
Subjective memory tests
Three scales of the abridged Metamemory in Adulthood (MIA) questionnaire [32] were used to evaluate subjective memory functioning. Participants are asked to rate statements on a 5-point Likert scale (strongly agree, agree, undecided, disagree, strongly disagree). The Capacity scale consists of 12 items and higher scores indicate more perceived memory capacity (e.g. 'I am good at remembering birthdays'). The Change scale has 10 items and a higher score indicates less perceived decline or more stability in memory functioning (e.g. 'I am less efficient at remembering things now than I used to be'). The Anxiety scale in-cludes12 items and a higher score reflects more feelings of anxiety and stress in relation to memory functioning (e.g. 'I get anxious when I am asked to remember something'). The three scales, Capacity, Change, and Anxiety together form the factor 'Memory Self-Efficacy' (MSE) and higher scores indicate a higher MSE level.
The Cognitive Failure Questionnaire (CFQ) [33] is validated for and adapted to the Dutch population [2, 34] . The questionnaire consists of 25 items measuring the frequency of everyday cognitive 'failures' in the area of memory, attention, perception, and action. Participants are asked to indicate on a 5-point scale how often they usually experience each particular cognitive failure (never, very rarely, occasionally, quite often, and very often). A higher score on the CFQ indicates more cognitive failure.
Other variables
Four subtasks of the Groninger Intelligence Test (GIT) [35] were used to make a reliable estimation of IQ. The four subtasks involved were: the correct completion of as many addition sums as possible in 1 min, indicating which of the five alternative words is exactly synonymous with a given word, indicating which two-dimensional shapes from a larger set are needed to exactly fill up a given space, and indicating which of five alternatives is related in the same way to a given word as two words in an example.
The Mini-Mental State Examination [26] was used as a screening instrument for dementia, and consists of the subscales orientation, registration, recall, attention, language, and construction. A maximum score of 30 can be obtained.
Level of education (1-8) was scored as follows: 1 = primary education, 2 = lower vocational education, 3 = intermediate general secondary education, 4 = intermediate vocational education, 5 = higher general secondary education/university preparatory education, 6 = higher vocational preparatory education, 7 = higher professional education, and 8 = university education [36] .
Procedures
The design was a randomized controlled trial with two follow-up measurements. All groups were neuropsychologically tested four times; two pre-test assessments (double baseline, with 1 week in between), a post-test (at 9 weeks, 1 week after completion of the intervention program), and a follow-up assessment (4 months after the intervention). The main reason for using a double baseline was to administer the VVLT two times, in order to minimize learning and procedure-learning effects. Therefore, all the statistical analyses were performed using data for the second baseline assessment and the two subsequent follow-up measurements. The same test battery and questionnaires were administered before treatment (second baseline), at the 1-week follow-up and at the 4-month follow-up. All neuropsychological tests were administered in the same order on all test occasions.
Participants were randomly assigned to a collective memory-training program, an individual memory-training program, or a control group. The method of randomization was a block design with block size three, and with stratification for sex. The investigators responsible for randomization were not involved in the training procedures. To avoid contamination, couples were always assigned to the same condition.
Statistical analysis
All statistical analyses were performed using SPSS for Macintosh, version 10 (SPSS-Inc., Chicago).
Although individuals were randomly assigned to the three conditions, differences in baseline characteristics between the three groups were examined. Separate One-way Analyses of Variance (ANOVA) were performed for age, educational level, intelligence, and MMSE scores. A Chi-square test was used to analyze the variables sex and marital status (married or cohabiting versus others).
General Linear Model (GLM) repeated measures analysis of variance was carried out to examine the effect of the interventions on memory performance. Analyses were performed with group as the between-subjects variable and memory performance on the first and second follow-up phase as the within-subjects factor. Contrasts were defined to compare performance of the three groups over time. In these analyses, age, sex, educational level, and baseline scores were treated as covariates. Baseline scores were treated as covariates in this model to control for baseline group differences, which were present in one of the outcome variables. Because comparisons were made between more than two groups, estimated effects sizes were defined with partial Eta-squared values ( 2 ). Consistent with the rules for clinical trails, all analyses were based on the groups as randomized, accord- ing to the principle of 'intention-to-treat' [37] . In addition, results of analyses with data for subjects who actually completed the intervention are also reported.
Results
Recruitment
One hundred and forty-nine individuals were willing to participate. Ten participants did not meet the inclusion criteria and were excluded from participation, seven participants with a MMSE score below 24, and three participants who previously participated in a neuropsychological research program. The 139 elderly individuals who met the inclusion criteria were randomly assigned to one of three groups: a collective training group (N = 53), an individual training group (N = 43), or a control group (N = 43). In total, 136 (97.8%) people completed the assessment before the intervention, 123 (88.5%) persons completed the 1-week follow-up, and 117 (84.2%) participants completed the whole study. Twenty-two people dropped out the study, 14 of them were originally assigned to the collective training group, 3 to the individual training group, and 5 to the control group. The number of dropouts was significantly higher in the collective training group (P = 0.02). Results of recruitment and randomization are given in Fig. 1 .
Baseline background characteristics
There were no significant differences between the three groups in age, marital status, intelligence, education, and MMSE score. Demographic characteristics and mean MMSE and IQ scores are summarized in Table 1 .
In addition, the three groups were compared with respect to the number of self-reported life events, the number of illnesses reported on a morbidity checklist, whether or not participants ever suffered from concussion, or had been under general anaesthesia, and their levels of depressive and [38] . No differences were found between the three groups on any of these variables (not tabulated).
Objective memory performance
The collective training group had better performance scores than the individual training group or the control group on the delayed recall task of the VVLT (F (2, 109) = 7.584, P = 0.001). Significant contrasts were found between the group training condition and the other two groups, indicating that over time, the subjects who received the collective training intervention were better able to remember a previously learned word list. The estimated effect size ( 2 ) was 0.122. No interactions were found, suggesting that no change in intervention effect took place from 1 week to 4 months follow-up. This was confirmed using univariate analyses of variance on the second follow-up, were a significant effect was found for group training condition (F (2, 109) = 6.634, P = 0.002).
Main effects of group membership on the other objective outcome variables were not statistically significant (see Table 2 ). 
Subjective memory performance
A significant main effect was found for group membership on the MIA scale Change (F (2, 98) = 3.089, P = 0.050), estimated effect size ( 2 ) was 0.059, with a significant contrast between the collective training group and the control group (see Table 3 ). After the intervention the collective training group reported more feelings of stability concerning memory functioning, as compared to the control group. In addition, a main effect of group membership was found on the Anxiety scale of the MIA (F (2, 98) = 3.986, P = 0.022). The estimated effect size ( 2 ) was 0.075. Significant contrasts were found between the collective training group and the control group and between the individual training group and the control group, indicating that over time both intervention groups showed a consistent decrease in stress and anxi-ety in memory related situations, as compared to the control group. Main effects of group membership on the other subjective outcome variables were not statistically significant.
Compliance
Data were analyzed separately for participants who completed the intervention. In the collective training group, non-compliance was defined as attendance of five or fewer sessions. In the individual training group, non-compliance was defined as the inability to answer correctly 7 of 11 statements (true or false) about the content of the book and the inability to name at least three memory strategies, discussed in the book. In the collective training group, six people decided not to start with the intervention, but stayed in the study and provided follow-up data. Nine participants discontinued the intervention and were lost to follow-up, but they had already been excluded from analyses. In the individual training group, three participants were considered non-compliant, but did provide follow-up data. Main reasons for not completing the training course or not reading the book were being too busy with other activities or work, having no transport to the training center, health-related problems, or family circumstances.
When the analyses were restricted to compliant participants only, the results were similar, except that effects became more robust. For example, an additional small effect on the total score of the VVLT (F (2, 100) = 2.639, P = 0.076) was found with a significant contrast between the collective training group and the control group.
Discussion and conclusion
Discussion
The main objective of this study was to compare the effect of two types of memory-training interventions, relative to a waiting-list control. Outcome variables were both subjective and objective memory functioning. After the intervention, participants in the collective memory-training group reported more stability in memory functioning and had fewer feelings of anxiety and stress in relation to memory functioning. In addition, positive effects were found in objective memory functioning. Compared with the other two groups, the collective training group had an improved recall of a previously learned word list. However, no effects were found on the logical memory test. A possible explanation for the absence of intervention effects on the latter test is differences in test reliability [39] . In contrast, a positive effect of the intervention in the individual training group was only found on the Anxiety scale of the MIA. This contrasts with reports of the effectiveness of self-taught training in improving memory performance and memory knowledge [25] and with reports that individual training is as effective as group training [24, 40] . However, our findings are consistent with other studies showing that the gain of an intervention is maximal when participants can benefit from the comforting and motivating effect of sharing their concerns about memory with others [22, 41] . Since the elderly participants in the individual training program received the same information as those in the collective memory-training group, this group effect is apparently considerable. Bandura [42] also pointed out that vicarious observation and social influences or persuasions are important sources of self-efficacy, and these sources are provided by group participation. A second important difference is that in the collective training program all themes that were discussed were illustrated with practical examples, so participants had the opportunity to practice the new information.
Attrition and compliance appeared to be selective in this study, in that most of the dropouts were originally assigned to the collective training group. This indicates that motivational factors contribute significantly to a successful intervention. This conclusion is supported by the observation that when the analyses were restricted to compliant participants, effects became more robust, even when as a result of this procedure the power of the overall test was reduced. Participants in this study already had an above average performance on memory tests at baseline, and were intelligent, healthy and particularly interested in memory functioning. We compared the performance on the VVLT of the participants in this study with the performance of elderly subjects who participated in the Maastricht Aging Study (MAAS), a longitudinal study on normal cognitive aging [43] [44] [45] . Participants in our study outperformed elderly subjects who were enrolled in the MAAS study in terms of the total score and the recall score of the VVLT, after matching for sex, age, and education. However, compared with elderly people in the MAAS, the participants in the current study were less confident about the effectiveness of their own memory, reported more perceived decline, and had more feelings of anxiety and stress in relation to memory functioning [2] . This indicates that the participants of our study may belong to a sub-population of elderly people, with a relatively normal functioning but who do have complaints and who are willing to invest time and effort in an intervention. This may be an important finding because it suggests that there are elderly who would like to participate in an intervention, possibly in the expectation that training may help prevent an incipient decline of cognitive functioning. A follow-up study is warranted to learn more about the characteristics of this group of elderly individuals and the determinants of success of the training. These findings also have implications for the maximal results that can be obtained with the training program. Because our participants were already functioning at a relatively high level at baseline, intervention gains could possibly be more difficult to detect. However, previous studies have found that individuals who tend to benefit the most from interventions are the ones who are younger and have better cognitive functions at baseline [22, 46, 47] , although others did not confirm these findings [39, [48] [49] [50] .
Conclusion
Although effects were relatively small and were not found for all outcome variables, the overall pattern of results suggests that the collective variant of this training program is effective in improving subjective and objective memory performance.
Practice implications
Taking into account the time, effort, and costs associated with the intervention, we consider the program a valuable contribution to public health interventions for older adults. Our conclusions were based on between-group comparisons. In individual cases there may be even more substantial inter-vention effects. This makes it potentially important to find out whether particular variables can predict maximal treatment outcome. Results suggest that the program is most likely to be effective in people who have the time, the opportunity and the motivation to participate in a memory-training program. It is conceivable that the intervention would have more beneficial effects in more selected groups of participants, such as elderly individuals with more pronounced memory complaints, or patients who have been referred to a memory clinic. A follow-up study is being planned to test this notion in more detail.
